Accurate identification of the bovine pathogen Tritrichomonas foetus is sometimes complicated by the presence of other trichomonadid protozoa in clinical samples. A highly specific and reproducible approach for differentiating 3 common types of bovine trichomonadid protozoa found in the bovine preputial cavity, T. foetus, Pentatrichomonas hominis, and a Tetratrichomonas species, was developed using polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) analysis. Universal trichomonadid protozoa primers, TFR1 and TFR2, were used to amplify the 5.8S rRNA gene and internal transcribed spacer regions (ITSRs), and the products were digested with the restriction enzyme HpyCH4IV. Restriction fragment length polymorphism analysis was performed on 55 trichomonad isolates from bovine preputial washing and scraping samples. The RFLP results correlated 100% with 5.8S rRNA gene and ITSR sequence results and PCR results with primers specific for T. foetus. The results of this study demonstrate that PCR and RFLP analysis can be used in lieu of DNA sequencing to identify the specific trichomonadid protozoa isolated from the bovine preputial cavity.
Tritrichomonas foetus is the causative agent of bovine trichomonosis, a venereal disease of cattle that causes early fetal death, abortion, and pyometra. 5 The protozoan is found in preputial epithelial crypts of bulls, where it may persist, and is transmitted to cows during coitus.
Recently, it was recognized that in some cases trichomonads found in the preputial cavity of bulls do not have morphologic and genotypic features consistent with T. foetus. 1, 8 Currently, diagnosis of T. foetus infection is on the basis of microscopic examination of preputial and urogenital washes or scrapings and subsequent culture. Samples are initially screened for motile, spindle-to pear-shaped organisms and are stained so that the morphology and number of flagellae can be determined. Tritrichomonas foetus is 10-25 m long and 3-15 m wide and has a single posterior flagellum and 3 anterior flagellae. Although other trichomonads found in the preputial cavity may appear larger and rounder than T. foetus and vary in the number of anterior flagella present, these differences may not be easily observed with standard light microscopy. 8 This makes accurate identification of the trichomonad present difficult but very important because T. foetus-infected animals are culled; the other trichomonads have not been implicated in causing disease.
The polymerase chain reaction (PCR) assay is a reliable and valid method for the identification of T. foetus, but non-T. foetus isolates do not react with T. foetus specific primers and, therefore, are not placed at genus or species level by this test if specific iden-From the California Animal Health and Food Safety Laboratory System-Davis Branch, School of Veterinary Medicine, University of California, Davis, CA 95616. tification is desired. 4, 7 On the basis of 5.8S rRNA gene and internal transcribed spacer region (ITSR) sequence analysis, the non-T. foetus trichomonadid protozoa most frequently isolated from the bovine preputial cavity belong to the genera Pentatrichomonas or Tetratrichomonas. 8 However, accurate identification by sequencing requires specialized resources that may not be readily available to many laboratories to make this a routine identification method.
This study investigated the use of PCR and the restriction fragment length polymorphism (RFLP) test to differentiate trichomonads commonly recovered from the bovine preputial cavity. This technique significantly reduces the time and cost but approaches the accuracy of identifying the various trichomonadid protozoa through DNA sequencing.
For this study, trichomonadid protozoa were obtained from preputial washings or scrapings from bulls and submitted in a commercially available culture system for T. foetus a or were submitted as trichomonad isolates after the veterinary practitioner or referring laboratory performed initial culturing. Isolates originated from a number of states including California, Colorado, Idaho, Louisiana, Montana, Nebraska, and Wisconsin. Isolates were examined by bright field microscopy for morphologic features consistent with trichomonads, 5 subcultured in trypticase-yeast extract-maltose medium, and incubated at 37 C until actively growing organisms were observed. Organisms were stained and morphology was observed as previously described. 6 Isolates that did not subculture were tested from the commercial culture system directly.
One milliliter of an actively growing culture was pelleted by centrifugation for 2 minutes at 20,800 ϫ g, resuspended in Tris-EDTA buffer, treated with 2.5 g/ml proteinase K and incubated for 30 minutes at 37 C. Deoxyribonucleic acid extractions with tris saturated phenol, phenol-chloroform-isoamyl alcohol, and chloroform-isoamyl alcohol were performed. Ethanol (95%) and 75 l 3 M sodium acetate were used to precipitate DNA, which was then dried and reconstituted in 50 l water. Deoxyribonucleic acid concentration and purity were determined spectrophotometrically with the exception of extracts from the commercial culture system, a where 2 l of DNA sample was used for PCR.
The 5.8S rRNA gene and ITSRs were amplified by PCR using previously described universal trichomonadid protozoa primers TFR1 (5Ј-TGCTTCAGTT-CAGCGGGTCTTCC-3Ј) and TFR2 (5Ј-CGGTAGGT-GAACCTGCCGTTGG-3Ј) and T. foetus-specific primers TFR3 (5Ј-CGGGTCTTCCTATATGAGACA-GAACC-3Ј) and TFR4 (5Ј-CCTGCCGTTGGAT-CAGTTTCGTTAA-3Ј). 3, 4 These primers amplify DNA between conserved regions at the 3Ј-end of the 18S rRNA gene and the 5Ј-end of the 28S rRNA gene. Reactions consisted of 2 U of DNA polymerase, b 1ϫ PCR buffer (100 mM Tris-HCl, pH 8.3, 500 mM KCl), 2.5 mM MgCl 2 , 150 M of each deoxynucleotide triphosphate, 200 ng of DNA template, and 20 pmol of each universal trichomonad or T. foetus-specific primer, with PCR-grade water to make up a final volume of 50 l. Polymerase chain reaction was performed with 1 cycle of 95 C for 10 minutes, 35 cycles of 95 C for 30 seconds, 60 C for 30 seconds, and 72 C for 1 minute, and a final extension step of 72 C for 7 minutes, c and the products were analyzed by agarose gel electrophoresis.
For sequencing, the amplified product was cloned into competent Escherichia coli. d Plasmid DNA containing the insert was isolated and amplified with M13 primers, purified, and sequenced by automated fluorescent cycle sequencing e as previously described. 8 A program to identify restriction endonuclease sites f was used to find sites within the 5.8S rRNA gene and ITSRs. Several restriction enzymes were evaluated on TFR1-and TFR2-generated products from different trichomonad groups. The most reproducible and discriminating results were generated by HpyCH4IV (data not shown). On the basis of sequence analysis, unique sizes of the restriction products were predicted for each type of trichomonadid protozoan digested with HpyCH4IV. Tritrichomonas foetus was predicted to produce 220-and 151-bp fragments. Pentatrichomonas hominis was predicted to produce 161-, 135-, and 42-bp fragments. Tetratrichomonas species was predicted to produce 180-181-, 162-168-, 43-45-bp fragments. A range of products was expected from the Tetratrichomonas sp. digests on the basis of small sequence differences between isolates. 8 For RFLP, genomic DNA amplified by PCR with primers TFR1 and TFR2 was digested with HpyCH4IV. g Each reaction contained 2.5 l buffer 1, g 0.5 l (5 units) HpyCH4IV, 10 l of DNA from the PCR reaction, and 12 l of PCR-grade water to a final volume of 25 l. Reactions were incubated at 37 C in a water bath for 1 hour, after which 5 l of gel-loading dye h was added to stop the reaction. Reactions were stored at 4 C until analyzed by agarose gel electrophoresis.
Aliquots of PCR products and restriction digests were analyzed by electrophoresis in a 3% agarose gel i at 35 V/cm for 11 minutes. Alternatively, PCR products and restriction digests were analyzed by electrophoresis in a 2% agarose gel at 32.5 V/cm for 11 min-utes. j Deoxyribonucleic acid products were visualized by ethidium bromide staining and ultraviolet transillumination. Images were photographed k or captured by a digital imaging system. l Trichomonad DNA from 42 isolates was amplified and sequenced with primers TFR1 and TFR2. As previously described, 8 sequence analysis of the 5.8S rRNA gene and ITSRs identified 2 groups of bovine trichomonadid protozoa other than T. foetus, P. hominis, and a Tetratrichomonas species. Five of the 42 isolates were identified as T. foetus, 16 were identified as a Tetratrichomonas sp., and 21 were identified as P. hominis.
Sequence analysis showed variable and conserved regions among the bovine trichomonad groups within the 5.8S rRNA and ITSR areas (Fig. 1) . The priming sites for TFR1 and TFR2 and the 5Ј-end of the 5.8S rRNA gene were highly conserved among all the sequenced isolates. Generally, the ITSR sequences varied the most between the genera, as did the 3Ј-end of the 5.8S rRNA gene. The size of PCR product generated with primers TFR1 and TFR2 alone could be used to differentiate among the trichomonad groups ( Fig. 2A) . However, the size difference among the 3 trichomonad groups ranged over a distance of only 50 bp. Tritrichomonas foetus produced a 371-bp product, whereas P. hominis produced a 338-bp product, and the Tetratrichomonas sp. isolates produced products ranging from 388-391 bp.
A total of 18 T. foetus isolates, including 5 identified by sequencing, were identified as T. foetus by PCR using T. foetus-specific primers, TFR3 and TFR4, and morphologic features based on staining results 4,7 ( Table  1 ). None of the 21 P. hominis samples nor the 16 Tetratrichomonas sp. samples generated a product using the T. foetus-specific primers, TFR3 and TFR4.
All 18 T. foetus PCR products generated with TFR1 and TFR2 were digested with HpyCH4IV and were cleaved into 220-and 151-bp products. However, 3 of the RFLP patterns contained an extra band, approximately 45 bp in size. This difference was particularly noticeable in the rapid electrophoresis system j using the lower concentration of agarose, presumably because of the high-resolution properties of that system.
To investigate the origin of the 45-bp band, 3 T. foetus PCR products generated with TFR1 and TFR2 were cloned. Two of the 3 T. foetus RFLP patterns originally showed a 45-bp cleavage product, but the third did not. Fifteen clones were selected for each isolate and screened by PCR with M13 vector primers. Ten clones produced an approximately 200-bp product, 1 of which was sequenced. e Once vector DNA was removed, the resultant 43-bp product was confirmed to be an amplification product resulting from the dimerization of the 3Ј-ends of the primers. It is most likely that the extra 45-bp band appearing in the RFLP gels with some T. foetus isolates represented primer dimers carried over from the PCR screen.
The RFLP patterns for the 21 P. hominis isolates were as expected. The 338-bp P. hominis PCR product was digested into 3 unique fragments of 161, 135, and 42 bp. The 388-391-bp amplicon for all 16 Tetratrichomonas sp. isolates was cleaved into 180-181-, 162-168-, 43-45-bp fragments (Fig. 2B) . Overall, the restriction patterns between 300 and 100 bp clearly differentiated among the 3 trichomonad groups.
Deoxyribonucleic acid sequencing is time consuming and expensive and requires a certain level of expertise, whereas RFLP analysis is relatively inexpensive and very fast and can be performed in most laboratories that have experience with agarose gel electrophoresis. Although the 3 types of trichomonads examined in this study are the only types found by the authors in the bovine preputial cavity, other types may be found as more isolates are examined. If additional types of trichomonads are found, they would also have to be evaluated to determine that the discriminating power of the RFLP method is maintained. The RFLP method described in this study for typing trichomonadid protozoa was an efficacious and rapid way of differentiating among T. foetus, P. hominis, and Tetratrichomonas sp. recovered from bovine preputial washes and scrapings without DNA sequencing. The size alone, of PCR products generated with primers TFR1 and TFR2, may suggest which trichomonad group has been recovered and this can readily be confirmed using the RFLP procedure described. 
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